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DESCRIPTION OF THE INVENTION 

Field of the Invention 

[006] The invention relates generally to systems and methods for 
performing floating point operations, and more particularly, to systems and 
methods for performing floating point operations involving extended exponents. 

Background of the Invention 

[007] IEEE Standard 754 (hereinafter "IEEE Std. 754" or "the Standard") 
published in 1985 by the Institute of Electrical and Electronic Engineers, and 
adopted by the American National Standards Institute (ANSI), defines several 
standard formats for expressing values as a floating point number. In 
accordance with IEEE Std. 754, a floating point format is represented by a 
plurality of binary digits, or "bits," having the structure: 

[008] • "««/«*— /» 

[009] where "msb" represents "most significant bit" and "Isb" represents 
"least significant bit." The bit string comprises a sign bit, s, which indicates 
whether the number is positive or negative. The bit string further comprises an 
exponent field having bits e mb ---e lsb representing a biased exponent, e. Still 
further, the bit string comprises a fraction field having bits/ w6 —f bb representing 

a fraction field of a significand. A significand comprises an explicit or implicit 
leading bit to the left of an implied binary point and a fraction field to the right of 
the implied binary point. 
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[010] IEEE Std. 754 defines two general formats for expressing a value, 
namely, a "single" format, which comprises thirty-two bits, and a "double" format, 
which comprises sixty-four bits. In the single format, there is one sign bit, s, eight 
bits, e 7 ---e 0 , comprising the exponent field, and twenty-three bits, f 22 ---f 0 , 
comprising the fraction field. In the double format, there is one sign bit, s, eleven 
bits, e w --e 0 , comprising the exponent field, and fifty-two bits, f sl --f 0 , 

comprising the fraction field. 

[011] The value of a number represented in accordance with IEEE Std. 
754 is determined based on the bit patterns of the exponent field bits, e msb ---e hb , 
and the fraction field bits, f msb --f lsb , both for the single and double formats. The 
value of a number represented in accordance with IEEE Std. 754 is positive or 
negative infinity, depending on the value of the sign bit, s, if the exponent field 
bits, e msb - -e kb , are all binary ones (that is, if the bits represent a binary-encoded 
value of "255" in the single format or "2047" in the double format) and the fraction 
field bits, f msb ---f kb , are all binary zeros. In particular, the value, v, of the 

number is v = (-l) s <» , where "«*>" represents the value infinity. On the other hand, 
if the exponent field bits, e msb ---e !sb , are all binary ones and the fraction field bits, 
fmb'"fu> ' are not a " zeros > tnen tne value tnat is represented is deemed "not a 
number," abbreviated "NaN." 

[012] Further, if the exponent bits, e msb ---e lsb , are neither all binary ones 

nor all binary zeros (that is, if the bits represent a binary-encoded value between 
1 and 254 in the single format or between 1 and 2046 in the double format), the 
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number is in a "normalized" format and the value of the number is 

v = (-l) s 2 e ' l " as (\\f msb •■•/,,!,), where "|" represents a concatenation operation. 

That is, in the normalized format, a leading bit having the value "one" followed by 
a binary point and the fraction field bits is implied thereby increasing the size of 
the fraction field by one bit to twenty four bits in the single format and to fifty three 
bits in the double format. In effect, the fraction field represents a value greater 
than or equal to one and less than two. 

[01 3] Still further, if the exponent field bits, e mb ■ -e lsb , are all binary zeros 

and the fraction field b\\s,f msb -f m , are not all zero, the number is in a "de- 
normalized" format and the value of the number is v = (-l) s 2 e - WflS+1 (o.|/ ms6 ---/ b J. 

The range of values that can be expressed in the de-normalized format is disjoint 
from the range of values that can be expressed in the normalized format, for both 
the single and double formats. 

[014] Finally, if the exponent field bits, e mb —e bb , are all binary zeros and 

the fraction field bits, f mb • • • f lsb , are all zeros, the value of the number is "zero". 
The value "zero" may be positive zero or negative zero, depending on the value 
of the sign bit. 

[015] Generally, extended exponent floating point operations are used to 

evaluate formulae of the form: 

rn1Rl n (a l +b 1 Y(a 2 +b 2 Y{a 3+ b i )*-*(a M+ b M ) 

[016] Q = fc+^fc+^fe+rf,)'-*^^) * ' 

[017] where "M" and "N" are very large and the value of the result, Q, is 
expected to be a value that can be represented according to IEEE Std. 754, but 


the numerator and/or denominator may likely overflow or underflow. Such 
formulae often arise in, for example, evaluation of hypergeometric series (see, for 
example, W. Press, "Numerical Methods in Fortran", 2d edition, Cambridge 
University Press, 1992, section 6.12 "Hypergeometric Functions"). Evaluating 
such formulae generally requires a number of iterations during which individual 
sums and products and/or quotients involving various groupings of the factors 
are generated. To accommodate the possibility that the numerator and/or 
denominator may overflow or underflow, a trap or exception is often taken after 
each iteration or series of iterations to facilitate adjustment of the exponent so as 
to avoid an overflow or underflow. After all of the iterations, the exponent of the 
result is processed to reverse the adjustments that have been made. 

[018] While this technique may produce a result that is not an underflow 
or overflow, the technique is inefficient because of its use of traps or exceptions. 
Traps can become relatively expensive on modern microprocessors in part 
because of pipeline stalls and flushes. Further, the technique described above to 
support extended exponents can be undesirable because low-level traps are not 
well supported in high-level programming languages. Thus, there is a need for a 
more efficient way to support floating point operations involving extended 
exponents. 

SUMMARY OF THE INVENTION 

[019] There is provided a method for performing an extended exponent 
floating point operation on a plurality of operands to produce a product of the 
plurality of operands. The method comprises grouping the plurality of operands 
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into at least one group and determining a plurality of scale factors for the plurality 
of operands, respectively, and providing a running sum of the plurality of scale 
factors. The method further comprises scaling the plurality of operands to obtain 
a plurality of scaled operands and multiplying the plurality of scaled operands to 
obtain a group product and scaling the group product to obtain a scaled group 
product. Still further, the method comprises adjusting the scaled group product 
based on the running sum. The plurality of operands are grouped such that 
when all the plurality of scaled operands in the at least one group are multiplied 
an overflow or underflow will not occur. 

[020] Additional advantages of the invention will be set forth in part in the 
description which follows, and in part will be obvious from the description, or may 
be learned by practice of the invention. The advantages of the invention will be 
realized and attained by means of the elements and combinations particularly 
pointed out in the appended claims. 

[021] It is to be understood that both the foregoing general description 
and the following detailed description are exemplary and explanatory only and 
are not restrictive of the invention, as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[022] The accompanying drawings, which are incorporated in and 
constitute a part of this specification, illustrate several embodiments of the 
invention and together with the description, serve to explain the principles of the 
invention. 
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[023] Fig. 1 illustrates a functional block diagram of an exemplary 
extended exponent floating point unit according to an embodiment of the present 
invention; 

[024] Fig. 2 illustrates an exemplary floating point operand used in an 
embodiment of the invention; 

[025] Fig. 3 illustrates a general block diagram of an exemplary scaling 
unit according to an embodiment of the present invention; 

[026] Fig. 4 illustrates a functional block diagram of a first exemplary 
scaling unit according to an embodiment of the present invention; 

[027] Fig. 5 illustrates a functional block diagram of a second exemplary 
scaling unit according to an embodiment of the present invention; 

[028] Fig. 6 illustrates a functional block diagram of a third exemplary 
scaling unit according to an embodiment of the present invention; 

[029] Fig. 7 illustrates a functional block diagram of a fourth exemplary 
scaling unit according to an embodiment of the present invention; 

[030] Fig. 8 illustrates a general block diagram of an exemplary running 
sum unit according to an embodiment of the present invention; 

[031] Fig. 9 illustrates a functional block diagram of a first exemplary 
running sum unit according to an embodiment of the present invention; 

[032] Fig. 10 illustrates a functional block diagram of a second exemplary 
running sum unit according to an embodiment of the present invention; 

[033] Fig. 1 1 illustrates a functional block diagram of a third exemplary 
running sum unit according to an embodiment of the present invention; 
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[034] Fig. 12 illustrates a functional block diagram of a fourth exemplary 
running sum unit according to an embodiment of the present invention; and 

[035] Fig. 13 illustrates exemplary formats for representing a floating 
point operand according to an embodiment of the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

[036] Reference will now be made in detail to the present exemplary 
embodiments of the invention, examples of which are illustrated in the 
accompanying drawings. Wherever possible, the same reference numbers will 
be used throughout the drawings to refer to the same or like parts. 

[037] Fig. 1 depicts a functional block diagram of an exemplary extended 
exponent floating point unit 100 that may be used to compute a result, Q, of a 
formula in the form of: 

10381 Q - (b 1 Y(b 2 ) , (b s Y-- *(b ii ) w 

[039] As illustrated in Fig. 1, the extended exponent floating point unit 
100 may include a control module 1 10, a scaling unit 120, and a running sum unit 
130. 

[040] In general, the scaling unit 120 may receive two operands, A and B, 
scale operand B, and multiply operand A by the scaled operand B. That is, 
operand A remains unsealed while operand B is scaled before operand A is 
multiplied by operand B. In one embodiment, scaling unit 120 may scale 
operand B by multiplying it by a power of two that is selected so that the 
magnitude of operand B is greater than or equal to one and less than two, unless 
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operand B is in a zero format, underflow format, overflow format, infinity format, 
or NaN format. The scaling unit 120 may perform the scaling by adjusting an 
exponent field of operand B. If the operand B is in the zero format, underflow 
format, overflow format, infinity format, or NaN format, the operand B may not be 
scaled. If the operand B is in the denormalized format, it may be transformed to 
the normalized format. After scaling unit 120 processes operand B, it multiplies 
operand A by the scaled operand B. 

[041] When carrying out a floating point operation involving extended 
precision exponents, the control module 110 multiplies the product of the factors 
of the numerator, {a 1 )*(a 2 )*(A 3 )*- -*(a u ), without causing an underflow or 
overflow, by grouping the factors into a number of groups and then using scaling 
unit 120 to scale and multiply the factor in each group. The control module 110 
groups the factors of the numerator so that an overflow may not occur when the 
scaled factors of a group are multiplied together. Accordingly, the control module 
110 may group the factors into M/Mi groups wherein each group may comprise 
Mi factors or less. If a factor, A n , is the sum of two floating point values (e.g., a n 
+ b n ), the sum is generated prior to being processed by scaling unit 120. The 
sum may be generated using an adder unit according to U.S. Patent Application 

Serial No. , filed on even date herewith in the name of Guy L. 

Steele Jr. and entitled "Floating Point Adder With Embedded Status Information," 
assigned to the assignee of the present application, for example. 

[042] Scaling unit 1 20 multiplies the factors in a first group in a number of 
iterations corresponding to the number of factors in the group. During the first 
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iteration, operand A of scaling unit 120 equals one and a first factor of the first 
group is input as operand B. Scaling unit 120 scales the first factor of the group 
and then multiplies the scaled first factor by one. For each subsequent iteration, 
the result of the previous iteration is input as operand A and the next factor to be 
scaled is input as operand B. These iterations continue until the last factor in the 
first group is scaled and multiplied by the result of the previous iteration. 
Because each scaled factor has a value greater than or equal to one and less 
than two, the product of Mi scaled factors will be greater than or equal to one 
and less than 2 M < . 

[043] After all the factors in the first group are multiplied together 
resulting in a group product, the control module 110 enables the scaling unit 120 
to scale the group product by providing the group product as operand B and a 
value of one as operand A. 

[044] For each subsequent group of factors processed, the procedure 
described for the first group is repeated, except that for the first iteration the 
scaled group product of the previous group is input as operand A. After all the 
groups are processed, resulting in a final product equal the scaled product of all 
the factors of the numerator, the control module 110 may enable scaling unit 120 
to scale the final product resulting in a scaled final product, PRODUCTnum- The 
scaled final product of the denominator, PRODUCTden, may be computed in a 
similar manner. Exemplary embodiments of the scaling unit 120 will be 
described below in connection with Figs. 3-7. 
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[045] Since a thirty-two bit floating point representation can represent 
numbers of up to 2 127 , scaling unit 120 may multiply 127 factors without risking 
the result overflowing. Accordingly, the control module 110 may enable factors 
to be processed in groups of 127. 

[046] The running sum unit 130 receives two operands, J and F. 
Operand J may be in an integer format and an operand F may be in a floating 
point format. Running sum unit 130 determines an integer, K, such that the 
value, F*2" K , is greater than or equal to one and less than two. The running sum 
unit 130 provides a result equal to the sum of the operand, J, and the integer, K, 
unless the floating point operand, F, is in a zero format, underflow format, 
overflow format, infinity format, or NaN format. If the floating point operand, F, is 
in the zero format, underflow format, overflow format, infinity format, or NaN 
format, running sum unit 130 may provide the operand, J, as a result. 

[047] As discussed above, the product of the factors of the numerator, 
{A l )*{A 2 )*(A i )*—*(A u ), is computed by scaling each factor in a group by a 
corresponding scale factor. Control module 13 uses running sum unit 130 to 
compute a running sum of the scale factors. If the floating point operand, F, 
corresponds to the operand to be scaled by the scaling unit 120, the integer K, 
represents the amount by which the operand is scaled by scaling unit 120. 
Accordingly, as scaling unit 120, through a series of iterations, scales the factors 
in a group, running sum unit 130 may generate a running sum that corresponds 
to the sum of the scale factors used by scaling unit 120 as follows. During the 
first iteration of the first group of factors of the numerator, operand J of running 
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sum unit 130 equals zero and a first factor of the group is input as operand F. 
Running sum unit 12 determines an integer, K, such that the value, F*2" K , is 
greater than or equal to one and less than two and adds the integer K to operand 
J. For each subsequent iteration, the result of the previous iteration is input as 
operand J and the next factor of the group is input as operand F. These 
iterations continue until the last factor in the group is processed. 

[048] Recall that after all the factors in the first group are multiplied 
together by scaling unit 120 resulting in a group product, the control module 110 
enables scaling unit 120 to scale the group product. Similarly, after all the factor 
in the first group are processed by running sum unit 130 resulting in a group 
running sum, the control module 110 enables running sum unit 130 to update the 
group running sum by the scale factor for the group product. For each 
subsequent group or factors processed, the procedure described for the first 
group is repeated, except that for the first iteration the group running sum of the 
previous group is input as operand J. Still further, recall that after all the groups 
are processed by scaling unit 120 resulting in a final product, the control module 
110 may enable scaling unit 120 to scale the final product. Similarly, after all the 
groups are processed by running sum unit 130 resulting in a final running sum of 
the scale factors of all the factors of the numerator, the control module 110 may 
enable running sum unit 130 to update the final running sum by the scale factor 
for the final product resulting in a final scale factor, SF NUM . A final scale factor for 
the denominator, SF D en. may be computed in a similar manner. Exemplary 
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embodiments of the running sum unit 130 will be described below in connection 
with Figs. 8-12. 

[049] The result of equation (2) may be computed by dividing the final 
product of the numerator, PRODUCT NU m, by the final product of the denominator, 
PRODUCTqen, to obtain a scaled quotient, which value will be in a floating point 
representation. The scaled quotient may be generated using a divider unit 

according to U.S. Patent Application Serial No. , filed on even date 

herewith in the name of Guy L. Steele Jr. and entitled "Floating Point Divider With 
Embedded Status Information," assigned to the assignee of the present 
application, for example. The value of PRODUCT NU m/PRODUCT D en may be 
greater than one-half and less than two. The final scale factor of the 
denominator, SFden, is subtracted from the final scale factor of the numerator, 
SFnum, to obtain a quotient scale factor, which may be in an integer 
representation. The final result, Q, may be generated by adjusting the value of 
the exponent of the scaled quotient by an amount relating to the quotient scale 
factor, as specified by the SCALB function in the appendix to IEEE Std. 754. 
Specifically, the final result Q may correspond to 
SCALB(PRODUCTnum/PRODUCT DE n, SF num - SFden). This is notably 
accomplished without having to resort to traps to catch overflow and underflow 
situations. 

[050] In an exemplary embodiment, the extended exponent floating point 
unit 100 may process floating point operations involving extended exponents in a 
manner corresponding to the following computer code: 
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[051] Code Segment 1 

[052] PRODUCT = 1.0 

[053] SF = 0 

[054] ICOUNT=0 

[055] DOi = 1,N 

[056] SF = RSU(SF, A(i)) 

[057] PRODUCT = SU(PRODUCT, A(i)) 

[058] ICOUNT = ICOUNT + 1 

[059] IF (ICOUNT .EQ. 126) 

[060] SF = RSU(SF, PRODUCT) 

[061] PRODUCT = SU(1 .0, PRODUCT) 

[062] ICOUNT = 0 

[063] END IF 

[064] END DO 

[065] SF = RSU(SF, PRODUCT) 
[066] PRODUCT = SU(1 .0, PRODUCT) 

[067] In exemplary Code Segment 1, lines at paragraphs [052] through 
[054] are used to initialize values for PRODUCT, SF, and ICOUNT. ICOUNT is 
used as an iteration counter to keep track of the number of iterations so that the 
factors are processed in groups of 126. "SU" represents a function that operates 
according to scaling unit 120, having a first argument corresponding to the 
operand that is not scaled and a second argument corresponding to the operand 
that may be scaled. "RSU" represents a function that operates according to 
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running sum unit 130, having a first argument corresponding to operand J and a 
second argument corresponding to the operand, F. Lines at paragraphs [055] 
through [064] in Code Segment 1 represent processing operations that may be 
performed by scaling unit 120 and running sum unit 130 under control of the 
control module 110, through successive iterations. In each "i-th" iteration, control 
module 110 updates the value for SF by executing RSU with the first argument 
corresponding to the value of SF generated during the previous "i-1st" iteration 

and the second argument corresponding to the "i-th" factor A(i) (i = 1 N), 

where the first argument equals zero during the first iteration. In addition, control 
module 110 updates the value of PRODUCT by executing SU with the first 
argument corresponding to the value for PRODUCT generated during the 
previous "i-1st" iteration and the second argument corresponding to the "i-th" 
factor A(i), where the first argument equals one during the first iteration. The 
iteration counter, ICOUNT, is also incremented at paragraph [058] and if the 
value of ICOUNT equals 126, lines at paragraphs [060] through [062] are 
executed to scale the value of PRODUCT and SF accordingly and to reset 
ICOUNT. Operations described above in connection with lines at paragraphs 
[056] through [063] may be performed for each of the "N" factors A(i) (1=1 ,...,N) in 
the numerator or denominator of equation (1). After all of the factors have been 
processed, scaling unit 120 scales the value of PRODUCT (line at paragraph 
[066]) generated during the last iteration and running sum unit 130 updates the 
value of SF (line at paragraph [065]) to reflect the scaling. 
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[068] The extended exponent floating point unit 100 may make use of 
other methodologies to generate values for PRODUCT and SF. For example, 
instead of making use of an iteration counter, ICOUNT, the extended exponent 
floating point unit 100 may make use of a constant having a value 2 126 , for 
example, and compare the value of PRODUCT generated during each iteration 
to the constant. In each iteration, running sum unit 130 and scaling unit 120 
execute lines at paragraphs [056] through [057], respectively, to generate 
preliminary values for SF and PRODUCT. Thereafter, the preliminary value of 
PRODUCT may be compared to the constant 2 126 . If the preliminary value is 
greater than 2 126 , lines at paragraphs [060] through [061] may be executed to 
scale the preliminary value of PRODUCT and adjust the value of SF accordingly, 
with the scaled and adjusted values being used as the final PRODUCT and SF 
values for the respective iteration. Since the constant 2 126 may be used to 
determine whether to scale the preliminary PRODUCT and SF values, it may not 
be necessary to perform a reset operation (paragraph [062]). Other 
methodologies will be apparent to those of ordinary skill in the art. 

[069] An operand of the extended exponent floating point unit 100 may 
include floating point status information. Because the floating point status 
information is included in the operand, instead of being separate from the 
operand as in prior art extended exponent floating point units, the implicit 
serialization that may be required in prior art extended exponent floating point 
units may be obviated. As shown in Fig. 2, an exemplary floating point operand 
200 may include a sign bit 210, an exponent field 220 having eight exponent field 
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bits, e msb —e hb , and a fraction field having a high part 230 and a low part 240 that 
together includes twenty-three fraction field bits, f mb —f hb . To preserve status 
information that may be stored in the operand 200, the extended exponent 
floating point unit 100 may divide the fraction field into two parts, the high part 
230 and the low part 240. The fraction field low part 240 may contain all the 
fraction field bits that store status information. The fraction field high part 230 
may contain all other bits of the fraction field. The fraction field high part 230 
may consist of the eighteen most significant bits, f msb ---f lsb+5 , of the operand 
fraction field. The fraction field low part 240, which contain the status 
information, may consist of the remaining five least significant bits, f kb+4 ---f hb , of 

the operand fraction field. In alternate embodiments, the bits of the operand 200 
may be distributed among the various fields in a variety of different combinations. 
For example, the exponent field 220 may consist of eight bits, the fraction field 
high part 230 may consist of the twenty most significant bits, f mb --f bM < of tne 
operand, and the fraction field low part 240 may consist of the remaining three 
least significant bits, f !sb+2 ---f lsb , of the operand fraction field. Still further, the 
status information may be stored in disjointed bits of the fraction field and 
therefore the fraction field high part 230 and the fraction field low part 240 may 
not be continuous segments of the fraction field as illustrated in Fig. 2. 

[070] The extended exponent floating point unit 100 may receive 
operands or generate results having formats according to U.S. Patent Application 

Serial No. , filed on even date herewith in the name of Guy L. 

Steele Jr. and entitled "Floating Point System That Represents Status Flag 
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Information Within A Floating Point Operand," assigned to the assignee of the 
present application. Fig. 13 depicts seven exemplary formats as disclosed U.S. 

Patent Application Serial No. , filed on even date herewith in 

the name of Guy L. Steele Jr. and entitled "Floating Point System That 
Represents Status Flag Information Within A Floating Point Operand," assigned 
to the assignee of the present application, including a zero format 1310, an 
underflow format 1320, a denormalized format 1330, a normalized non-zero 
format 1340, an overflow format 1350, an infinity format 1360, and a not-a- 
number (NaN) format 1370. 

[071] As shown in Fig. 13, in the zero format 1310, the exponent field 
bits, e msb ---e lsb , and the fraction field bits, f msb ---f lsb , are all binary zeros. The 

underflow format 1320 indicates that the operand or result is an underflow. In the 
underflow format 1320, the sign bit, s, indicates whether the result is positive or 
negative, the exponent field bits, e msb ---e lsb , are all binary zeros, and the fraction 
field bits f msb -~f kb+l are all binary zeros. The least significant bit of the fraction 
field, f kb , is a binary one. 

[072] The denormalized format 1330 and normalized non-zero format 
1340 are used to represent finite non-zero floating point values substantially 
along the lines of that described above in connection with IEEE Std. 754. In both 
formats 1330 and 1340, the sign bit, s, indicates whether the result is positive or 
negative. The exponent field bits, e msh •■■e kb , of the denormalized format 1330 are 

all binary zeros, whereas the exponent field bits, e msb ---e lsb , of the normalized 
non-zero format 103 are mixed ones and zeros. However, the exponent field of 
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the normalized non-zero format 1340 will not have a pattern where exponent field 
bits e mh -~e hb + x are all binary ones, the least significant exponent field bit, e lsb , is 
zero, and the fraction field bits, f mb - f u , are all binary ones. In format 1330, 
the fraction field bits, f msb ••• f kb , are not all binary zeros. 

[073] The overflow format 1350 indicates that the operand or result is an 
overflow. In the overflow format 1350, the sign bit, s, indicates whether the result 
is positive or negative, the exponent field bits e mb --e kM are all binary ones, the 
least significant exponent field bit, e lsb , is a binary zero, and the fraction field bits, 

/^-A 4 . areail binary ones. 

[074] The infinity format 1360 indicates that the operand or result is 
infinite. In the infinity format 1360, the sign bit, s, indicates whether the result is 
positive or negative, the exponent field bits, e msb ---e kb , are all binary ones, and 
the fraction field bits f msb ---f kb+5 are all binary zeros. The five least significant 
fraction field bits, f bb+4 - f bb , are flags, which will be described below. 

[075] The NaN format 1370 indicates that the operand or result is not a 
number. In the NaN format 1370, the sign bit, s, indicates whether the result is 
positive or negative, the exponent field bits, e msb ---e kb , are all binary ones, and 
the fraction field bits f msb --f kb+5 are not all binary zeros. The five least 
significant fraction field bits, f hb+A ---f kb , are flags, which will be described below. 

[076] For the infinity format 1360 and the NaN format 1370, the five flags 
of the five least significant fraction field bits, f kM ---f kb , include the IEEE Std. 
754 flags. These flags include an invalid operation flag, n, an overflow flag, o, an 
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underflow flag, u, a division-by-zero flag, z, and an inexact flag, x. For example, 
a number in the NaN format 36 with the overflow flag, o, and the division-by-zero 
flag, z, set, indicates that the number resulted from computation in which an 
overflow occurred and a divide by zero was attempted. The flags provide the 
same status information as would be provided by a floating point status register 
in a prior art floating point unit. By storing status information as part of the result 
and storing the result in registers, multiple instructions may be executed 
contemporaneously because floating point status information that may be 
generated during execution of one instruction, when stored, will not over-write 
previously-stored floating point status information generated during execution of 
another instruction. 

[077] In addition, in one embodiment, a value in the other formats may be 
indicated as being inexact according to U.S. Patent Application Serial No. 

, filed on even date herewith in the name of Guy L Steele Jr. 

and entitled "Floating Point Unit For Detecting And Representing Inexact 
Computations Without Flags Or Traps." 

[078] Fig. 3 illustrates an exemplary embodiment of the scaling unit 120. 
In general, the scaling unit 120 may comprise operand buffers 300A and 300B, 
an operand analysis circuit 310, a processing circuit 320, and a result generator 
330. The operand buffer 300A may receive a floating point operand, which 
corresponds to operand A discussed above. The operand buffer 300B may 
receive a floating point operand, which corresponds to operand B discussed 
above. The floating point operand 300A, 300B may be in a floating point format 
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according to U.S. Patent Application Serial No. , filed on 

even date herewith in the name of Guy L. Steele Jr. and entitled "Floating Point 
System That Represents Status Flag Information Within A Floating Point 
Operand," assigned to the assignee of the present application, U.S. Patent No. 
6,131,106, or IEEE Std. 754. 

[079] The operand analysis circuit 310 analyzes the operand in the 
operand buffer 300B and generates signals indicating the format of the operand, 
which signals are provided to the processing circuit 320. 

[080] The processing circuit 320 receives the signals from the operand 
analysis circuit 310 and signals representing the exponent field and fraction field 
of the floating point operand in operand buffer 300B. If the signals from the 
operand analysis circuit 310 indicate that the operand in operand buffer 300B is 
in the denormalized format 1330 or normalized non-zero format 1340, processing 
circuit 320 generates signals representing the operand in operand buffer 300B 
scaled to a value greater than or equal to one and less than two. If the signals 
from the operand analysis circuit 310 indicate that the operand in operand buffer 
300B is in a delimited format, processing circuit 320 generates signals 
representing the operand in operand buffer 300B with the delimiter flag clear. If 
the signals from the operand analysis circuit 310 indicate that the operand in 
operand buffer 300B is any other format, processing circuit 320 generates 
signals representing the operand in operand buffer 300B. The signals from the 
processing circuit 320 are provided to the result generator 330. 
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[081] The result generator 330 receives signals representative of the 
operand in operand buffer 300A and signals from the processing circuit 320 
representative of the operand in operand buffer 300B, which may have been 
scaled. The result generator 330 generates signals representative of the result 
of operand in operand buffer 300A multiplied by the scaled operand in operand 
buffer 300B. The result is coupled onto a result bus 75 for use by the control 
module. 

[082] If status information is embedded in at least one of the operands in 
operand buffer 300A or 330B, the scaling unit 120 operates to preserve the 
stored status information. 

[083] Fig. 4 illustrates an exemplary embodiment of a scaling unit 120a 
that may be used when the floating point operand stored in the operand buffer 
300B may be in a format according to U.S. Patent Application Serial No. 

, filed on even date herewith in the name of Guy L. Steele Jr. 

and entitled "Floating Point System That Represents Status Flag Information 
Within A Floating Point Operand," assigned to the assignee of the present 
application. The scaling unit 120a may comprise operand buffers 300A and 
300B an operand analysis circuit 310a, a processing circuit 320a, and a result 
generator 330a. 

[084] Generally, the operand analysis circuit 310a may determine the 
format of the operand in operand buffer 300B using comparators 80-86 and logic 
elements 87-90. For each comparator 80-86, the comparator generates an 
asserted signal if the bit pattern of the input to the comparator matches the bit 
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pattern indicated. An 'x' in the bit pattern represents a "don't care." Comparators 
80-82 receive the exponent field bits, e mb — e u , of the operand stored in operand 
buffer 300B. Comparators 83, 84 receive the fraction field high part bits, 
f mb ---f bb+s , of the operand stored in operand buffer 300B. Comparators 85, 86 
receive the fraction field low part bits, f kM ---f Ub , of the operand stored in 

operand buffer 300B. 

[085] Accordingly, comparator 80 generates an asserted signal if the 
operand is in the infinity format 1360 or the NaN format 1370. Comparator 81 
generates an asserted signal if the operand is in the overflow format 1350. 
Comparator 82 generates an asserted signal if the operand is in the zero format 
1310, underflow format 1320, or denormalized format 1330. Comparator 83 may 
generate an asserted signal if the operand is in the denormalized format 1330, 
normalized non-zero format 1340, overflow format 1350, or NaN format 1370. 
Comparator 84 may generate an asserted signal if the operand is in the zero 
format 1310, underflow format 1320, denormalized format 1330, normalized non- 
zero format 1340, or infinity format 1360. Comparator 85 may generate an 
asserted signal if the operand is in the denormalized format 1330 or normalized 
non-zero format 1340 and will generate an asserted signal if the operand is in the 
overflow format 1350 or if the operand is in the infinity format 1360 or NaN format 
1370 with the flags, n, o, u, z, and x, all set. Comparator 86 generates an 
asserted signal if the operand is in the zero format 1310 or underflow format 
1320 and may generate an asserted signal if the operand is in the denormalized 
format 1330, normalized non-zero format 1340, overflow format 1350, or infinity 
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format 1360 or NaN format 1370 with the flags n, o, u, and z all clear and the flag 
x either set or clear. 

[086] The logic elements 87-90 receive signals from the comparators 80- 
86 and generate signals to indicate the format of the operand in operand buffer 
300B. If the operand is in the zero format 1 31 0 or the underflow format 1 320, the 
AND gate 87 generates an asserted signal. Further, the AND gate 88 generates 
an asserted signal if the operand is in the overflow format 1350. Still further, the 
OR gate 89 generates an asserted signal if the operand is in the zero format 
1310, underflow format 1320; overflow format 1350, infinity format 1360, or NaN 
format 1370. The gate 90 generates an asserted signal if the operand is in the 
denormalized format 1330. 

[087] The processing circuit 320a may comprise a multiplexer 91, a 
normalizer circuit 92, and a multiplexer 93. The multiplexer 91 provides signals 
representing the exponent field bits of the scaled operand in operand buffer 300B 
to the result generator 330a, based on the format of the operand in operand 
buffer 300B. If signals from the operand analysis circuit 310a indicate that the 
operand is in the zero format 1310, underflow format 1320; overflow format 1350, 
infinity format 1360, or NaN format 1370 (i.e., if the OR gate 89 generates an 
asserted signal), the multiplexer 91 may couple signals representative of the 
exponent field bits, e msb --e lsb , of the operand in the operand buffer 300B to the 
result generator 330a. If signals from the operand analysis circuit 310a indicates 
that the operand is in the denormalized format 1330 or the normalized non-zero 
format 1340 (i.e., if the OR gate 89 generates a low signal), the multiplexer 91 
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may couple to the result generator 330a signals representing a bias value 
according to IEEE Std. 754, for example, which corresponds to an exponent 
having the value zero. The bias value according to IEEE Std. 754 has a bit 
pattern of 01111111. 

[088] The normalizer circuit 92 receives signals representing the fraction 
field bits, f mb -~f bb , of the operand in operand buffer 300B and generates a 
normalized fraction. The normalizer circuit 92 shifts the fraction field bits, 
fmsb "'fkb • of tne operand to the left by a number of bit positions corresponding to 
the number of leading zeros, so that the most significant bit is a one. The 
normalizer circuit 92 also shifts a corresponding number of zeros into the least 
significant bit positions. If the operand in operand buffer 300B is in the 
denormalized format 1330, the normalizer circuit 92 will operate to normalize the 
value represented by the fraction field of the operand. Following normalization 
by the normalizer circuit 92, the most significant bit may be discarded, which has 
a value of one, thereby producing signals representing an "implicit" normalized 
value. A bit having the value zero may also be provided in the least significant bit 
position. Thus, a normalized value may be generated in which the most 
significant bit is implicit having the value one, as specified by IEEE Std. 754. 

[089] The multiplexer 93 provides signals representing the fraction field 
bits of the scaled operand in operand buffer 300B to the result generator 330a, 
based on the format of the operand in operand buffer 300B. If signals from the 
operand analysis circuit 310a indicate that the operand is in the zero format 
1310, underflow format 1320, normalized non-zero format 1340, overflow format 
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1350, infinity format 1360, or NaN format 1370 (i.e., if the gate 90 generates a 
low signal), the multiplexer 93 may couple signals representative of the fraction 
field bits of the operand in the operand buffer 300B to the result generator 330a. 
Thus, if status information is stored in the operand, scaling unit 120a will 
preserve the status information. If signals from the operand analysis circuit 310a 
indicate that the operand is in the denormalized format 1330 (i.e., if the gate 90 
generates an asserted signal), the multiplexer 93 may couple signals from the 
normalizer circuit 92 to the result generator 330a. 

[090] The result generator 330a may be in the form of a floating point 

multiplier unit as disclosed in U.S. Patent Application Serial No. , 

filed on even date herewith in the name of Guy L. Steele Jr. and entitled "Floating 
Point Multiplier With Embedded Status Information," assigned to the assignee of 
the present application. 

[091] Fig. 5 illustrates an exemplary embodiment of a scaling unit 120b 
that may be used when the floating point operand stored in the operand buffer 
300B may be in a format according to U.S. Patent Application Serial No. 

, filed on even date herewith in the name of Guy L. Steele Jr. 

and entitled "Floating Point System That Represents Status Flag Information 
Within A Floating Point Operand," assigned to the assignee of the present 
application, but, instead of the denormalized format 1330, the operand may be in 
a delimited format according to U.S. Patent No. 6,131,106. 

[092] The '106 patent describes a system for performing floating point 
computations on operands in a delimited format in the place of operands in a 
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denormalized format. For an operand in the delimited format, all the exponent 
field bits equal a binary zero. The bits in the fraction field correspond to the bits 
in the fraction field in the de-normalized format shifted to the left by n bits, where 
n equals the number of leading zeros in the fraction field of the de-normalized 
format plus one. Thus, the delimited format provides an implicit most significant 
digit with the value one in the fraction field. A delimiter flag is also provided in the 
fraction field of the operand in the delimited format at a bit position to the right of 
the bit position that corresponds to the least significant fraction field bit of the 
operand in the de-normalized format. The delimiter flag indicates the series of 
fraction field bits of the delimited format that correspond to the series of bits 
immediately to the right of the most significant fraction field bit of the de- 
normalized format. In that case, the number, n, of successive fraction field bits, 
fmb-fub* from the high-order bit, f mb , to the first bit f mb _ n that has the value 
one in the denormalized format will correspond to the number, n, of bits 
fisb+n"'fhb of the delimited representation following the delimiter flag, which 
corresponds to the least significant bit that has the value one. Except for the 
delimiter flag, the fraction field of an operand in the delimited format will be 
normalized, and the number of trailing zeroes, that is the number, n, of bits in bit 
positions f lsb+n -~f hb following the delimiter flag, will correspond to the scale 

factor for the operand. 

[093] The scaling unit 120b is identical to the scaling unit 120a described 
above, except that scaling unit 120b includes a count trailing zeros circuit 161, a 
"binary to 1-of-23" circuit 194, and twenty-three gates 195, instead of a 


28 


normalizer 92. Since, except for the delimiter flag, the fraction field of an 
operand in the delimited format is normalized, the scaling unit 120b may clear 
only the delimiter flag. Therefore, instead of a normalizer 92, the scaling unit 
120b includes the count trailing zeros circuit 161, the "binary to 1-of~23" circuit 
1 94, and the twenty three gates 1 95 to clear the delimiter flag. The count trailing 
zeros circuit 192 generates output signals representing the number n, where n 
equals the number of bits equal to zero to the right of the delimiter flag. The 
"binary to 1-of-23" circuit 194 generates twenty three bits equal to zero, except 
the bit in the bit position n+1 from the right, corresponding the bit position of the 
delimiter flag in the fraction field bits of the operand in operand buffer 300B. The 
twenty three gates 195 operate to pass all the fraction field bits of the operand to 
the multiplexer 193, except the delimiter flag, which is set equal to zero. 
Otherwise, the running sum unit 130b operates in the same manner as running 
sum unit 130a. 

[094] Fig. 6 illustrates an exemplary embodiment of a scaling unit 120c 
that may be used when the floating point operand stored in the operand buffer 
300B may be in a format according to IEEE Std. 754. Fig. 7 illustrates an 
exemplary embodiment of a scaling unit 120d that may be used when the floating 
point operand stored in the operand buffer 300B may be in a format according to 
IEEE Std. 754, but, instead of the denormalized format, the operand may be in a 
delimited format according to U.S. Patent No. 6,131,106. 

[095] The scaling units 130c and 130d are generally similar to scaling 
units 130a and 130b, respectively, except that comparators 81, 83, 85, and 86 
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and logic element 88 have been removed in the operand analysis circuits 310c 
and 310d because there is no underflow 1320 and overflow 1350 format in IEEE 
Std. 754 and no status flag information stored in the operand in IEEE Std. 754. 
Further, because no status flag information is stored in the operand in IEEE Std. 
754, the result generator 330c may correspond to a multiplier unit for performing 
conventional multiplication operations in accordance with IEEE Std. 754. The 
result generator 330d may correspond to a multiplier unit as disclosed in U.S. 
Patent No. 6,131,106. 

[096] Turning to Fig. 8, exemplary running sum unit 130 may comprise 
operand buffers 800A, 800B, an operand analysis circuit 810, a processing circuit 
820, and a result generator 830. The operand buffer 800A may receive an 
integer operand, which corresponds to operand J discussed above. The operand 
buffer 800B may receive a floating point operand, which corresponds to operand 
F discussed above. The floating point operand may be in a floating point format 

according to U.S. Patent Application Serial No. , filed on 

even date herewith in the name of Guy L. Steele Jr. and entitled "Floating Point 
System That Represents Status Flag Information Within A Floating Point 
Operand," assigned to the assignee of the present application, U.S. Patent No. 
6,131,106, or IEEE Std. 754. 

[097] The operand analysis circuit 810 analyzes the operand in the 
operand buffer 800B and generates signals indicating the format of the operand, 
which signals are provided to the processing circuit 820. 


30 


[098] The processing circuit 820 receives the signals from the operand 
analysis circuit 810 and signals representing the exponent field and fraction field 
of the operand in operand buffer 800B and generates signals representing a 
scale factor corresponding to integer K discussed above. That is, processing 
circuit 820 determines an integer, K, such that the value, F*2" K is greater than or 
equal to one and less than two. 

[099] If the operand in operand buffer 800B is in a zero format, underflow 
format, overflow format, infinity format, or NaN format, the scaling unit 120 may 
scale the operand in operand buffer 800B by a scale factor that equals a binary 
one. Accordingly, the processing circuit 820 may provide signals representative 
of a binary zero (i.e., K=0) to the result generator 830. 

[100] If the operand in operand buffer 800B is in a normalized non-zero 
format, the value of the fraction of the floating point operand may already be 
greater than or equal to one and less than two. Therefore, the scaling unit 120 
may scale the operand in operand buffer 800B by a scale factor that corresponds 
to the value represented by the exponent field of the operand. Accordingly, the 
processing circuit 820 may provide signals to the result generator 830 
representative of a scale factor, K, that corresponds to the value represented by 
the exponent field of the operand. 

[101] If the operand in operand buffer 800B is in a denormalized format, 
the scaling unit 120 may scale the operand by a scale factor that corresponds to 
the number of leading zeros in the fraction field. The number of leading zeros 
equals the number, a, of fraction field bits, f msb ■•• f mb _ a+l , before the first bit f msb _ a 
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that has the value one. Accordingly, the processing circuit 820 may provide 
signals to the result generator 830 representative of a scale factor, K, that 
corresponds to the number of leading zeros in the fraction field of the operand in 
operand buffer 800B. 

[102] If the operand in operand buffer 800B is in a delimited format, the 
processing circuit 820 may provide signals to the result generator 830 
representative of a scale factor, K, that corresponds to the number of trailing 
zeroes in the fraction field of the operand in operand buffer 800B. 

[103] The result generator 830 receives signals representative of the 
integer operand in operand buffer 800A and signals representative of the scale 
factor, K, from the processing circuit 820 and generates a result equal to the sum 
of the integer operand 800A and K. The integer operand, J, may be in two's 
complement form. The integer K generated by processing circuit 820 may also 
be in two's-complement form. The result generator 830 may subtract the 
operand J and the integer K to produce the sum, which represents "J+K" in two's 
complement form. 

[104] Fig. 9 illustrates an exemplary embodiment of a running sum unit 
130a that may be used when the floating point operand stored in the operand 
buffer 800B may be in a format according to U.S. Patent Application Serial No. 

, filed on even date herewith in the name of Guy L. Steele Jr. 

and entitled "Floating Point System That Represents Status Flag Information 
Within A Floating Point Operand," assigned to the assignee of the present 
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application. The running sum unit 130a may comprise an operand analysis 
circuit 810a, a processing circuit 820a, and a result generator 830a. 

[105] The operand analysis circuit 810a may determine the format of the 
operand in operand buffer 800B using comparators 40-46 and combinatorial logic 
elements 47-51. The operand analysis circuit 810a operates in a manner similar 
to operand analysis circuit 310a of Fig. 4, except that operand analysis circuit 
810a comprises an additional NAND gate 51. The NAND gate 51 generates an 
asserted signal if the operand in operand buffer 800B is in the normalized non- 
zero format 1340. 

[106] The processing circuit 820a may comprise a subtraction circuit 60, 
a count leading zeros circuit 61, an adder circuit 62, and a selector circuit 63. 
The subtraction circuit 60 receives signals representative of the exponent field 
bits, e msb --e lsb , of the operand and generates output signals representing the 

difference between the value of the exponent field and the value of an exponent 
bias value. For IEEE Std. 754, the value of the exponent bias is represented by 
the bit pattern 001 1 1 1 1 1 1 . Accordingly, the subtraction circuit 60 may generate 
output signals representing the difference between the value of the exponent 
field of the operand and the value represented by the bit pattern 001111111. 
The output signals of the subtraction circuit 60 represent the scale factor, K, for 
the operand in operand buffer 800B, in two's complement, if the operand in 
operand buffer 800B is in the normalized non-zero format 1340. 

[107] The count leading zeros circuit 61 generates signals representing 
the number of leading zeros in the fraction field of the operand in operand buffer 
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800B. The addition circuit 62 receives the signals generated by the count 
leading zeros circuit 61 and generates output signals that represent the sum of 
the value represented by the signals from the count leading zeros circuit 61 and 
the value represented by the bit pattern 001 1 1 1 1 1 1 . The output signals of the 
adder circuit 62 represents the scale factor, K, in two's complement, for the 
operand in operand buffer 800B, if the operand is in the denormalized format 
1330. 

[108] The selector circuit 63 selectively couples signals from one of the 
subtraction circuit 60, the adder circuit 62, or signals representing a binary zero, 
to the result generator 830a, based on the format of the operand in operand 
buffer 800B. If the operand analysis circuit 810a indicates that the operand in 
operand buffer 800B is in the normalized non-zero format 1340 (i.e., if NAND 51 
generates an asserted signal), the selector circuit 63 couples the signals from the 
subtraction circuit 60 to the result generator 830a. If the operand analysis circuit 
810a indicates that the operand in operand buffer 800B is in the denormalized 
format 1330 (i.e., if gate 50 generates an asserted signal), the selector circuit 63 
couples the signals from the adder circuit 62 to the result generator 830a. 
Finally, if the operand analysis circuit 810a indicates that the operand in operand 
buffer 800B is the zero format 1310, underflow format 1320, overflow format 
1350, infinity format 1360, or NaN format 1370 (i.e., if OR gate 49 generates an 
asserted signal), the selector circuit 63 couples the signals representing a binary 
zero to the result generator 830a. The output signals provided by the selector 
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circuit 63 represent, in two's-complement format, the scale factor, K, that is used 
by scaling unit 120 to process operand in operand buffer 800B. 

[109] The result generator 830a may comprise a sign extender circuit 64 
and a subtraction circuit 65. The sign extender circuit 64 receives the signals 
provided by the processing circuit 820a and performs a sign extension operation. 
The subtraction circuit 65 may receive the signals representing the integer 
operand in operand buffer 800A and the signals generated by the sign extender 
circuit 64, both in two's complement form, and generate signals representative of 
their difference. The result is coupledto result bus 35. 

[110] Fig. 10 illustrates an exemplary embodiment of a running sum unit 
130b that may be used when the floating point operand stored in the operand 
buffer 800B may be in a format according to U.S. Patent Application Serial No. 

, filed on even date herewith in the name of Guy L. Steele Jr. 

and entitled "Floating Point System That Represents Status Flag Information 
Within A Floating Point Operand," assigned to the assignee of the present 
application, but, instead of the denormalized format 1330, the operand may be in 
a delimited format according to U.S. Patent No. 6,131,106. The running sum unit 
130b is identical to the running sum unit 130a described above, except that 
running sum unit 130b includes a count trailing zeros circuit 161 instead of a 
count leading zeros circuit 61. More specifically, the count trailing zeros circuit 
161 generates output signals representing the number n, where n equals the 
number of bits equal to zero to the right of the delimiter flag. Otherwise, the 
running sum unit 130b operates in the same manner as running sum unit 130a. 
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[111] Fig. 11 illustrates an exemplary embodiment of a running sum unit 
130c that may be used when the floating point operand stored in the operand 
buffer 800B may be in a format according to IEEE Std. 754. Fig. 12 illustrates an 
exemplary embodiment of a running sum unit 130d that may be used when the 
floating point operand stored in the operand buffer 800B may be in a format 
according to IEEE Std. 754, but, instead of the denormalized format, the operand 
may be in a delimited format according to U.S. Patent No. 6,131 ,106. 

[112] The running sum units 130c and 130d are generally similar to 
running sum units 130a and 130b, respectively, except that comparators 41, 43, 
45, and 46 and logic element 48 have been removed in the operand analysis 
circuits 810c and 81 Od because there is no underflow 1320 and overflow 1350 
format in IEEE Std. 754 and no status flag information stored in the operand in 
IEEE Std. 754. 

[113] The above description of the extended exponent floating point unit 
100 assumes 32-bit floating point operands. However, those skilled in the art will 
appreciate that the extended exponent floating point unit 100 may be adapted to 
receive a floating point operand having any number of bits. For example, the 
extended exponent floating point unit 100 may be adapted to receive 64-bit 
floating-point operands 300B and 800B. Adapting the extended exponent 
floating point unit 100 to receive a floating point operand having any number of 
bits will be obvious to those of ordinary skill in the art. 

[114] Further, the above description of the extended exponent floating 
point unit 100 has been described with reference to operands according to U.S. 
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Patent Application Serial No. , filed on even date herewith in 

the name of Guy L. Steele Jr. and entitled "Floating Point System That 
Represents Status Flag Information Within A Floating Point Operand," assigned 
to the assignee of the present application, U.S. Patent No. 6,131,106, and IEEE 
Std. 754. However, those skilled in the art will appreciate that the extended 
exponent floating point unit 100 may be adapted to receive a floating point 
operand having a different format. Adapting the extended exponent floating point 
unit 100 to receive a floating point operand having a different format will be 
obvious to those of ordinary skill in the art. 

[115] Still further, the extended exponent floating point unit 100 and all or 
part of its functionality may be implemented in software, firmware, hardware, or 
any combination thereof. For example, the invention may be practiced in an 
electrical circuit comprising discrete electronic elements, packaged or integrated 
electronic chips containing logic gates, a circuit utilizing a microprocessor, or on 
a single chip containing electronic elements or microprocessors. It may also be 
provided using other technologies capable of performing logical operations such 
as, for example, AND, OR, and NOT, including but not limited to mechanical, 
optical, fluidic, and quantum technologies. Any program may in whole or in part 
comprise part of or be stored on the system in a conventional manner, or it may 
in whole or in part be provided in to the system over a network or other 
mechanism for transferring information in a conventional manner. In addition, it 
will be appreciated that the system may be operated and/or otherwise controlled 
by means of information provided by an operator using operator input elements 
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which may be connected directly to the system or which may transfer the 
information to the system over a network or other mechanism for transferring 
information in a conventional manner. 

[116] Finally, the scaling unit and the running sum unit may be included 
as functional units of the floating point units disclosed in U.S. Patent Application 

Serial No. , filed on even date herewith in the name of Guy L. 

Steele Jr. and entitled "Floating Point System That Represents Status Flag 
Information Within A Floating Point Operand," assigned to the assignee of the 
present application. 

[117] Other embodiments of the invention will be apparent to those 
skilled in the art from consideration of the specification and practice of the 
invention disclosed herein. It is intended that the specification and examples be 
considered as exemplary only, with a true scope and spirit of the invention being 
indicated by the following claims. 
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